Abstract: A standard method for transoral diagnostic and dissection of tumour is the endoscopic examination plus microscopic and laser supported surgery. For endoscopic examination a set of rigid endoscopes with di erent angles of view are on the market and in use. To simplify the diagnostic examination, a rst idea was to use an endoscope with exible angles of view. A further step of this approach is the electrical angulation of the endoscopic view to enable an adaption on the surgery site without using the hands. Thus the hands are free for intervention. This paper shows a rst implementation of a prototype of an electrical operated endoscope for a free hand imaging in transoral interventions.
Introduction
For diagnosis of the upper throat and larynx endoscopes were used [1] . These endoscopes are rigid with a stack of lenses and optics inside [2] . For imaging a high resolution camera system and light sources featuring further options of diagnostic like uorescent imaging [3] can be connected. A direct view into the interesting region of interest is possible. For transoral examination endoscopes with di erent angles of view are in use. For full examination the endoscopes have to be changed to view the region of interest from all directions. This is time consuming and requires a set of di erent endoscopes. A new strategy to enable a variable view is the ENDO-CAMELEON (Karl Storz, Tuttlingen, Germany). A mechanical steerable lens system provides a change of view from straight to 110°backward [4]. By rotation of the endoscope a 360°surround view is possible. In an extended approach we developed an endoscope with an integrated camera system and light source on the tip. The camera is rotatable, swiveling and the movements are electrical operated. This idea is the base of a complete new approach for endoscopic transoral surgery in the eld of ENT. By combining the electrical operated endoscope with a holder and a manipulator (e.g. foot pedal), a "hands free" imaging is possible. The endoscope can be xed in a proper position to give a good overview of the surgery site. Adaption of the eld of view can be made by the manipulator during intervention. So the hands can be used for grapping and cutting tissue for dissection. In this paper we introduce a rst prototype of an electrical operated endoscope.
Methods
For understanding the need of optimisation of the endoscopes for transoral access, a work ow observation in a surgery situation was performed (Figure 1 ). Here the basic facts for a new design were collected as described in [5] .
In intense interviews with the user the speci cations were clari ed. The operation of the endoscope should be close to the movement of the human eye. The diameter of the nal prototype should not be larger than the state of the art endoscope STORZ ENDO-CAMELEON (10 mm). We decided to use a micro camera and to be integrated into a movable setting. The Nane Eye image sensor (Awaiba GmbH, Nürnberg, Germany) provides a RGB image with a resolution of 250×250 pixels [6] . It is available in combination with 4 white LEDs as a light source and an USB connectable module. The size of the image sensor including lights is 2.4 × 2.4 × 1.7 mm. To realize a wide range of movement a cardaniac operated camera module with a slider crank was chosen for the rst design. In a next step the camera module was designed as a ball. The swiveling of this ball was operated by a linear piezo motor. For transfer of the movement, a exible Bowden cable with a PTFE tube as cover was chosen. For rotation, a stepper motor with a high precision was integrated. After selection of the main parts, a general construction of the endoscope was performed. Beside the main features, the endoscope has a fast A control panel for manual steering was integrated in the proximal end of the endoscope. All electrical parts were connected over a self-made printed circuit board and a common interface wire for PC connection (Figure 4) .
After manufacturing and assembly the endoscope was tested successfully in the main functions (imaging, light 
Results
An endoscope with an electrical movable image sensor was build up. The nal outer diameter is 8 mm. The properties of movement were tested. A rotation of the eld of view of 380 degrees is possible, also a swivelling of 120°from straight view. Figure 2 shows the range of the eld of view. The movement can be easily operated over the integrated steering panel or via pc control (Figure 4a ). Thus any other manipulator can be connected.
Also a continuous test of the power units was performed by operating the system via pc control. Beside the movement, the image quality and power of light source are important factors for the endoscope. Figure 5 shows the images of the camera under di erent light conditions. Because the light sources lead to a warming of the system up to 45°C, the former tip cover out of glass was changed into a poly carbonate dome after testing. Thus the cover is more robust and the temperature transfer is less. Finally the endoscope was tested in a phantom to estimate image quality. Due to the low resolution the image quality is poor but acceptable for the rst step.
Conclusion
We showed that a realisation of an electrical operated endoscope with a wide range of view is possible in an adequate size. Thus the "hands free" imaging approach is feasible. The movement of the chosen power units is very precise. The operation of the camera ball works reliable. For the rst prototype the weight (945 g) is still too high but can be optimized by the change of materials and wall thicknesses. The biggest drawback is the poor image quality. The intensity of light source is satisfactory. Here the use of an image sensor with higher resolution is mandatory. The use of LED light sources enables an easy integration of additional LED to provide di erent wave lengths for spectral imaging in future. To follow the "hands free imaging" approach, also the standard endoscope STORZ ENDO-CAMELEON can be electri ed. In combination with an external power unit an operation of the direction of view can be realized. This could be integrated in a xation arm to hold the endoscope in place during intervention. This will be our next step to realize a "hands free" imaging approach in transoral surgery. This technique is not limited to this eld of ENT. Also in urology, gynaecology laparoscopy or other elds of endoscopic applications, an electrical operation of the angle of view could be advantageous [7] .
